Summary.-Breast-cancer incidence and mortality rates in different countries were found to be correlated with height, weight and age at menarche, all of which have been identified as risk factors in cohort or case-control studies of breast cancer. There were, however, correlations with total fat and animal protein consumption per capita even after controlling for the 3 anthropometric variables. This suggests that, while some of the effects of diet on breast-cancer rates may be mediated through effects on these known risk factors, there may be more direct effects as well.
INCIDENCE and mortality rates for breast cancer show a marked geographic variation, being higher in industrialized nations (except Japan) than in developing countries. Past attempts to explain this variation in rates have focused on differences in food consumption per capita and have shown the rates to be highly correlated with animal product and fat intake (Lea, 1966 : Carroll et al., 1968 Drasar & Irving, 1973; Armstrong & Doll, 1975) .
Cohort and case-control studies, on the other hand, have implicated early menarche, late age at first birth, late menopause, and increased height and weight as risk factors (Valaoras et al., 1969; Yuasa & MacMahon, 1970; Lin et al., 1971; Ravnihar et al., 1971; DeWaard & Baanders-van Halewijn, 1974; Henderson et al., 1974; DeWaard et al., 1977) , and Staszewski (1971) suggested that much of the differences in international rates could probably be explained by differences in age at menarche. Recently, DeWaard et al. (1977) demonstrated that about half of the difference in incidence rates between the XNetherlands and Japan could be explained on the basis of differences in height and weight between the 2 countries.
In this study, we first correlated breastcancer incidence and mortality rates with height, weight and age at menarche in an attempt to explain the variation in rates between countries, and then noted whether the remaining variation in rates was related to particular foods. No attempt was made to include data on age at first birth or age at menopause, since available information is not sufficiently detailed.
METHODS
The sources of incidence and mortality data, the countries used, and the methods of standardization were essentially those used by Armstrong & Doll (1975) . Incidence data for a country were included if the tabulated rates were considered to be representative of the country as a whole, and mortality data were included if < 15% of the deaths in 1965 were attributed to senility or ill-defined causes. The countries chosen are shown in Table I .
Cancer incidence data -were from the (1966, 1970) tables, and the truncated (ages 35-64) age-standardized rates, with the world population as a standard, were used. Where incidence rates were available for more than one registry within a country, a weighted average was used, with weights proportioned to the population at risk within each registry. Cancer mortality data were obtained from the tables comapiled by Segi et al. (1969) and (1967) (1968) (1969) (1970) . Truncated age-standardized mortality rates were calculated using the same standard population used in the calculation of the truncated incidence rates (U.I.C.C. 1970). Both rates for the United States are for whites. Because of the marked secular trend towards earlier maturation and increasing adult height and weight (Tanner, 1962) it is important that the data on height, weight and age at menarche from different countries each be obtained from studies at about the same time. It is probably not necessary, though, that within a country data on all 3 variables be obtained simultaneously. Since the incidence and mortality rates are due to disease in women born during the first third of the century, it is preferable to use data from studies done on this birth cohort when it is available.
Heights of adult females were obtained primarily from tables compiled by Meredith (1971) which represent data gathered mainly between 1950 and 1965. Data from those countries not included in his tables were obtained from the publication by Eveleth & Tanner (1976) which is a compilation of data from studies primarily between 1960 and 1973. Although it would have been preferable to use the results of earlier studies, such information is not readily available.
Data on weights of adult women were obtained from several sources (Boe et al., 1957; Eveleth & Tanner, 1976; Fernandez et al., 1971; Frisch & Revelle, 1969; Lewin & Jonsson, 1973; Pett & Ogilvie, 1956; Quo, 1953; Robinson & Watson, 1965 Armstrong & Doll (1975) to be highly correlated with breast-cancer rates.
Simple and multiple correlation coefficients between the rates and combinations of the anthropometric and dietary factors were calculated. Since incidence and mortality rates, weight and age at menarche were not available for each county, correlation coefficients were calculated for each set of countries for which a particular rate and combination of height, weight and age at menarche were available. This is necessary in order to make valid comparisons between the calculated correlation coefficients, since these coefficients are influenced by the particular set of countries used in the calculations.
RESULTS
The correlations between the dietary variables, height, weight and age at menarche are shown in Table II . Height and weight are both highly correlated with total fat consumption (r 0-78 and 0 72) and animal protein consumption (r = 0-69 and 0.65) and to a lesser extent with the other dietary variables. Age at menarche is about equally highly correlated with total fat, animal protein, meat and egg consumption. Table III gives the correlation coefficients between breast-cancer rates and the dietary and anthropometric variables. Total fat is the variable most highly correlated with the mortality rates (r = 0.93). Weight and age at menarche alone have correlation coefficients with the mortality rates of 0-78 and -0 59, respectively, and the multiple correlation with menarche and weight is 0-82.
The incidence rates are most highly correlated with animal protein (r = 0.80) and total fat (r = 0.78). Weight and menarche alone have correlation coefficients with the incidence rates of 0-56 and -0-69, and the multiple correlation with menarche and weight is 0-83.
With both incidence and mortality rates there remained an effect of the dietary variables even after adjusting for height, weight and menarche. In the case of the mortality rates, total fat had the greatest effect in reducing the remaining variation, and sugar had the next greatest effect. Both of these were statistically significant (P < 0005 and < 0025). Animal protein and sugar had the largest effects with the incidence rates, but their effects were not statistically significant, owing to the small number of countries.
The Figure is a plot of breast-cancer mortality-rate residuals (differences between the actual rates and those predicted by multiple regression on the anthropometric variables) vs fat-consumption residuals (differences {between actual fat consumption and that predicted by multiple regression on the anthropometric variables) a technique for visualizing the effects of fat after allowing for the anthropometric variables.
Correlation coefficients for the set of countries for which only heights were There is a wealth of evidence demonstrating that nutrition has profound effects on height, weight and age at menarche (see for example, Ito, 1942; Mitchell, 1962; Dreizen et al., 1967; Insull et al., 1968) . Thus, it is possible that the correlation between the dietary variables and the breast-cancer rates may be totally mediated through the effect of food consumption on these known risk factors for breast cancer.
In the present study, however, there remained effects of dietary varibles even after accounting for differences in height, weight and menarche. This suggests that diet also influences the risk of breast cancer more directly. One mechanism would be by affecting the secretion or metabolism of hormones. In rodents, for example, high fat diets increase the incidence of mammary tumours (Carroll, 1975) , apparently by increasing prolactin levels (Chan & Cohen, 1974; Chan et al., 1975) . Hill & Wynder (1976) have presented some tentative evidence of such an effect of changing dietary fat intake on prolactin levels in humans, but this remains to be confirmed. The goodness of fit of the breast-cancer mortality rates to dietary fat intake after adjusting for the anthropometric variables can be seen in the Figure. Examination shows that there is a difference of about 30 deaths per 100,000 women per year between Czechoslovakia and the U.K. and Canada which cannot be explained on the basis of the anthropometric variables. It is difficult to know whether such a difference, which is explained so well by differences in fat consumption, could be equally well explained by differences in average age at first birth. Data from MacMahon et al. (1970) suggest that a difference of perhaps 5 years between the 2 countries would be needed to explain a difference of this size.
The variation in height and weight, when the studies from which data used in this paper were obtained, was probably less than that among women in the cohort contributing to the breast-cancer rates. As a result, the correlation coefficients calculated probably underestimate the true correlation between these variables and the rates. An additional factor which may have biased the calculated correlation coefficients is the fact that adults in some countries, (e.g. United States) tend to increase in weight as they age, whereas those in other countries, (e.g. Japan) do not (Keys & Grande, 1973) . Since the weights used in this study were those of young women, the bias is probably in the direction of underestimating the effects of weight. Similar problems relate to the dietary data. Continued caution in interpreting these results is therefore indicated.
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